This is a retrospective evaluated. The objective of this study was to test the interobserver reliability and intraobserver reproducibility of fracture classification with Arbeitsgemeinschaftfür Osteosynthesefragen (AO) system and Fernandez system used by 5 senior orthopedic surgeons.
Introduction
Distal radial fracture is a common in orthopedics, making up 15% of all adult fractures. [1] Currently, there are at least 20 classification systems on distal radius fractures, but none can well describe the details, treatment, and prognosis of the fracture. The objective of this study was to test the interobserver reliability and intraobserver reproducibility of fracture classification with Arbeitsgemeinschaftfür Osteosynthesefragen (AO) system and Fernandez system used by 5 senior orthopedic surgeons.
AO classification and Fernandez classification are commonly used. As one of many classifications systems for long bone fractures, AO was first published in 1987. [2] This classification system is based on the severity of distal radius fractures. AO classifies distal radius fractures into the following types:
(1) Type A (extra-articular): A1, ulna fractured and radius intact; A2, simple or impacted metaphyseal radial fracture; A3, comminuted metaphyseal radial fracture. (2) Type B (partial articular): B1, sagittal in radius; B2, frontal and dorsal radius; B3, frontal and volar radius. (3) Type C (complete joint): C1, simple joint and simple metaphysis; C2, simple joint and comminuted metaphysis; C3, multi-fragmented joint.
Each type is divided into 3 subtypes, then 27 subtypes in total ( Fig. 1 ).
Fernandez system [3] classifies distal radius fracture into 5 types according to the radiographic findings, the stress direction of fracture, and the mechanism of fracture. Type I, bending fracture of metaphysis; Type II, shearing fracture of the joint surface; Type 
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Medicine ® OPEN III, compression fracture of joint surface; Type IV, avulsion fracture or radiocarpal fracture dislocation; Type V, combined fracture associated with high-velocity injuries. The purpose of this study was to analyze the 2 methods' interobserver reliability and intraobserver reproducibility, their differences, and their use in clinical diagnosis ( Fig. 2 ).
Subjects and methods

Patients
The research followed the principles of the Declaration of Helsinki and was approved by our hospital ethics committee. Database records of patients treated in our hospital for distal radius fractures between 2010 and 2017 were retrospectively collected and analyzed. Among these patients, 64 are males, 86 are females. At surgery, mean age was 49.5 years (range, 18-87 years). Anteroposterior and lateral radiographs of 160 hospitalized patients were examined (nondisplaced fractures were excluded). Radiographs were taken from a distance of 105 cm by a professional radiologist using the same radiographic apparatus. Orthopedic surgeons classified all 160 fractures with AO (types and subtypes) and Fernandez to determine intraobserver reproducibility (in different intervals by the same orthopedic surgeon) and interobserver reliability. For inclusion in this study, all the patients were required to have complete imaging studies and available clinical data. Complete and available clinical data obtained included demographic characteristics, chief complaint, complications, and surgical treatment. Because of the retrospective nature of the study, patient consent for inclusion was waived. Five orthopedic surgeons participated in this study. The radiographs were evaluated a first assessment according to 2 systems (3 types of results) by each specialist independently. Three months apart, the radiographical data were classified and scored again. The 2 sets of classification responses were recorded by a physician who was not involved in the study, and then the reliability and reproducibility of both classification systems were analyzed.
Interobserver reliability was evaluated by comparing the initial classification of the 5 evaluators. Intraobserver reproducibility was evaluated by comparing 1 evaluator's classification to the www.md-journal.com same case, with a 3-month interval and in a random order to minimize the recall bias.
Evaluators
All the 5 participants were senior orthopedic surgeons with more than 5 years' clinical experience and solid orthopedic knowledge. Scientific curiosity, and camaraderie were the only incentives for participation.
Inclusion criteria
(1) Adult patients (>18 years old) admitted to our hospital between June 2010 and June 2017 for distal radius fractures; having complete imaging examination records and clinical data. (2) Closed fracture.
(3) Having suffered fracture for less than 3 weeks.
Exclusion criteria
(1) Incomplete clinical data.
(2) Pathological fracture.
(3) Having disorders of calcium and phosphorus metabolism. (4) Long-term use of hormones.
Statistical analysis
Three statistical tools were used to measure interobserver reliability and intraobserver reproducibility. The intraclass correlation coefficient (ICC) and kappa coefficient (k) were used to assess the inter-and intra-observer agreement of AO and Fernandez classification system (2-way mixed effect model in which people's effects are random and measures' effects are fixed). [4] Reliability was tested by first evaluating whether the 5 assessors agreed with each other's assessments in both cycles of the study independently. This was cross-checked by another kappa test for ICC. Intraobserver reproducibility was evaluated further by comparing each individual assessor's performance between the first and second rounds using the Cohen kappa test. [5] We calculated the Cohen kappa coefficient with 95% confidence interval (CI) for all 3 classification systems (3 types of results). Kappa is a measurement used for determining the level of agreement in categorical variables corrected for chance. Kappa coefficients were evaluated according to Landis and Koch classification. According to this classification, Kappa value indicated poor agreement (<0), slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), and perfect (0.81-1.00). [6] SPSS 20.0 statistical software was used for the statistical analysis, all the values were expressed with a 95% CI and P-values of <.05 were considered to be statistically significant ( Table 1 ).
Results
Intraobserver reproducibility
The intraobserver reproducibility of AO system (9 types) classification was moderate with a value of 0.577. The intraobserver reproducibility of the Fernandez system was moderate with a value of 0.438. These values meant a moderate agreement. But the intraobserver reproducibility of AO system (27 subtypes) was 0.286, suggesting a fair agreement ( Table 2 ).
Interobserver reliability
The interobserver reliability of AO s (9 types) classification was moderate with a value of 0.469. And that of Fernandez was moderate with a value of 0.435. These values meant a moderate agreement. But the interobserver reliability of AO system (27 subtypes) was 0.299, meaning a fair agreement (Table 3 ).
Discussion
Main findings of the present study
AO/The Association for the Study of Internal Fixation (ASIF) is the most detailed and comprehensive classification method that digitizes and systemizes the condition of fracture. As many as 27 subtypes of distal radius fractures have been classified. As the number of groups and subgroups increasethat is the fracture morphology becomes more complex further investigations are needed to classify the fracture, making it less clinically applicable. In our research, the reproducibility and reliability of AO/ASIF were 0.577 and 0.469 among 3 types, and 0.286 and 0.299 among all subtypes. A declining trend was obvious. A related research also shows that the good reproducibility of the AO/ASIF classification of the distal radius fractures is only manifested in type A, B, and C, not in the subtypes. [7] Fernandez system is also a common radial distal fracture typing that illustrates the stress direction of fracture and the underlying mechanism. According to the injury severity of the bone and surrounding soft tissues, a clear classification from type I to type V conveniences the diagnosis and treatment. [8] However, this system does not cover the severity of comminuted articular fractures, not to mention its diagnosis and treatment. In this study, the reproducibility and reliability of the Fernandez classification were 0.438 and 0.435. This result is not as satisfactory as the AO classification.
Comparison with other studies
Before this research, we reviewed the literature on the reliability and reproducibility of distal radius fracture. Few results were found. The smallest research only involves 5 cases, and the biggest involved 96 cases. Their researchers include doctors, radiologists, general surgeons, and other professionals. But some of them lack of a complete grasp of the orthopedic knowledge system. So in this study, we maximized the sample size as possible to reduce statistical errors. Five orthopedic surgeons were invited into the research because they had more than 5 years' clinical experience and an in-depth understanding of the mechanism and types of fractures. To better reflect the interobserver reliability and intraobserver reproducibility of participants. We deliberately analyzed the data of AO-classified fractures (9 types and 27 subtypes) and compared them with the results of Fernandez system. Then the trend of reliability and repeatability of the same classification with more subtypes was studied. The limitations of this paper are as follows:
(1) No more orthopedic surgeons are invited to participate in the assessment. (2) There are too few types of classification for the study, and it is not possible to comprehensively evaluate the common classification of distal radius fractures.
Implication and explanation of findings
A scientific fracture classification system should be simple and informative enough to define the mechanism, guide the treatment, predict the prognosis, and show a perfect agreement between interobserver reliability and intraobserver reproducibility. [9] Through our research, we found that the above 2 systems cannot bring a satisfactory agreement between interobserver reliability and intraobserver reproducibility. And in the AO/ASIF classification, with the increase of subgroups, its reliability and reproducibility decreased. In this study, interobserver reliability of AO (9 types) and Fernandez was fair, which is consistent with the results of former literature. [10] 
Conclusion, recommendation, and future directions
We believe that the classification of the distal radius fractures simply based on X-ray films is not applicable enough and limitation. We speculate that computed tomography (CT) scanning should be introduced. Through the combination of digital multi-slice spiral CT, a more scientific classification system should be developed to reveal the multi-planar and 3-dimensional characteristics of the fractures, and eventually improve the typing, diagnosis, and treatment of clinical physicians. Because In fact at times a final classification cannot be made till after the fracture is visualized at surgery.
